One hundred patients undergoing elective coronary artery surgery were studied to determine the incidence of pre-bypass myocardial ischaemia. Leads II, a VF and V5 of the electrocardiogram (ECG) were recorded at five-minute intervals from arrival in the anaesthetic room until onset of cardiopulmonary bypass. Thirteen patients developed sixteen episodes of significant ST depression on the ECG during the study period. Three patients were diagnosed as having postoperative myocardial infarction by ECG criteria and creatine phosphokinase -MB rise above 80 units. None of these patients had pre-bypass ST depression. Comparisons of these results with similar studies are presented.
The incidence of myocardial ischaemia detected by intermittent electrocardiography (ECG) has recently been reported by Slogoff and Keats l -3 to vary from 37% to 55% before cardiopulmonary bypass in patients undergoing coronary artery surgery. They also showed that patients developing pre-bypass myocardial ischaemia had a threefold increase in the incidence of postoperative myocardial infarction. This reported incidence of prebypass myocardial ischaemia was high and, because of the implications of the study, required verification in other institutions. The aim of this study was to determine the incidence of pre-bypass myocardial ischaemia in our patients and to determine if this prebypass myocardial ischaemia predisposed these patients to developing postoperative myocardial infarction.
MATERIALS AND METHODS Patients
One hundred patients undergoing elective coronary artery surgery were studied. Patients excluded from the study were those having repeat coronary artery surgery, or associated cardiac surgical procedures (e.g. valve surgery), and those with preoperative electrocardiograms masking myocardial ischaemia (e.g. left bundle branch block). Patients requiring re-exploration for postcardiac surgical bleeding were also excluded because this second operation would complicate data analysis. All patients included in the study were anaesthetised by the authors and the study was given approval by the hospital's Human Research Ethics Committee.
Anaesthesia
Patients continued all anti-anginal therapy and anti-hypertensive therapy on the day of surgery. Premedication was administered approximately one hour before commencing anaesthetic preparation and was supplemented with intravenous diazepam while monitoring was being applied. The patients were prepared in an anaesthetic room and during this time received supplemental oxygen. The anaesthetist had a free choice of anaesthetic technique.
Monitoring
In addition to clinical monitoring all patients had electrocardiogram monitoring, radial artery blood pressure monitoring and pulmonary artery catheterisation. These parameters were all recorded continuously on a paper recorder running at 25 mm/min for trend and 25 mm/sec when detail was required. Leads 11 and V5 of the ECG were continuously displayed on the oscilloscope screen. These leads were monitored in the diagnostic mode and calibrated to 1.0 m V/cm. Calibrated ECG tracings of leads 11, a VF and V 54 were obtained every five minutes from the time the patient arrived in the anaesthetic room for preparation, until cardiopulmonary bypass was commenced.
Cardiovascular management
Intraoperatively haemodynamic parameters were manipulated in an attempt to optimise the myocardial oxygen balance. Heart rates greater than 80 bpm were treated with atenolol 1.0 mg, blood pressure falls below 100 mmHg systollic were treated with intravenous crystalloid, calcium chloride 500 mg or metaraminol 0.25 mg and blood pressure rises above 150 mmHg were treated with a nitroglycerine infusion or ate nolo I if associated with heart rates greater than 80 bpm. ST segment depression associated with these haemodynamic changes was treated by treating the haemodynamic change; if there was no significant haemodynamic change then a nitroglycerine infusion was used. Nitroglycerine infusions were not used if the above indications were not present and the dose given was that required to reverse the change.
Cardiopulmonary bypass
Cardiopulmonary bypass (CPB) was performed using a membrane oxygenator with hypothermia to approximately 27°C and haemodilution was carried out to an approximate haemoglobin of 7 g/dl. Myocardial preservation was carried out using cardioplegic arrest supplemented with topical myocardial cooling. The cardioplegic solution consisted of Ringer's lactate to which potassium chloride 15 mmol/l, lignocaine 100 mg/l, magnesium chloride 2.5 mmolll sodium bicarbonate 15 mmolll and glucose 2g/1 were added. This was given via the aortic root every thirty minutes while the distal coronary anastomosis was being performed. Topical myocardial cooling was achieved with ice slush.
Data analysis
Electrocardiograms (ECGs) taken during the study period were compared to preoperative ECGs taken the day before surgery, by two independent anaesthetists who analysed the data on completion of the study. Ischaemia was considered present if at least 1.0 mm of new ST segment depression had developed. On each of the first three postoperative days a 12-lead ECG was obtained and analysed by the independent anaesthetists. The serum creatine phosphokinase (CPK-MB) was also measured once on each of the first three postoperative days. ECG criteria for myocardial infarction were new Q waves of at least 0.04 seconds duration in adjacent leads, when old Q waves exte~ded to new adjacent leads, or when new persIstent left bundle branch block had appeared. Myocardial infarction was considered present when one or more of these ECG changes was associated with a CPK-MB in excess of 80 units. These criteria for postoperative myocardial infarction are the same criteria used by Slogoff and Keats. I
Results
The preoperative clinical and demographic data is presented in Table 1 . The average age of the patients was 59±9 years (mean ± SD). Preoperative angiographic data is summarised in Table 2 . Table 3 shows the ana.esthetic agents used; the majority of patlents had an opiate-based anaesthetic technique with either fentanyl or phenoperidine supplemented with nitrous oxide. Pancuronium was the most common ~uscl~ rel.axant used. The average pre-mductIOn tlme during which the intermittent ECG was recorded was 62±20 minutes (mean ± SD). This time included time taken to prepar~ the patient and waiting time prior to mductIOn of anaesthesia. The average time between induction of anaesthesia and commencing CPB for all patients was 79±23 minutes. If saphenous vein grafts were performed alone this time was 60± 15 minutes, when single internal mammary artery (IMA) grafts were performed this time was 82± 17 minutes, and 102±21 minutes for bilateral IMA grafts.
The average number of coronary artery bypass ~rafts performed was 3.3±0.9. Twentyfive pa~Ients had saphenous vein grafts only, 62 patlents had a single internal mammary artery graft (IMA) and thirteen patients had ~ilateral internal mammary artery grafts. The mternal mammary artery grafts were supplemented with saphenous vein grafts Haemodynamic changes occurred in 79 patients and these are summarised in Figure 1 . All patients developing pre-bypass ST depression had a haemodynamic change which required treatment, but these changes did not always occur at the same time as the ST depression.
Three patients were diagnosed as having myocardial infarction postoperatively, but none of these patients demonstrated myocardial ischaemia during the study period. Twenty-three patients had the ECG criteria for postoperative myocardial infarction but did not have a corresponding CPK-MB above 80 units. None of the patients had a CPK-MB rise above 80 units without ECG changes postoperatively. There were no in-hospital deaths in the 100 patients.
DISCUSSION
Our incidence of pre-bypass myocardial ischaemia is lower than that reported by Slogoff and Keats using similar detection techniques where it was reported to be 37 to 55%.1-3 The reason for this different incidence is difficult to determine but may be explained by a number of differences in anaesthetic practice and the smaller number of patients presented in this study.
We recorded the ECG intermittently every five minutes where as Slogoff and Keats obtained tracings every two minutes. We found that the diathermy had to be discontinued every time a trace was taken thus interfering with the progress of surgery, particularly during internal mammary artery dissection. This different frequency of recording may have resulted in a failure to detect myocardial ischaemia in some patients during our study. Studies using continuous ECG monitoring with Holter ECG recorders have detected similar high incidences of prebypass ischaemia. Knight et al. 5 detected 42% preoperative ischaemia and 18% intraoperative ischaemia with this method. Thompson et al. 6 detected 50% incidence of pre-bypass ischaemia using the Holter method. Litak et al. 7 also used Holter ECG monitoring and detected a 25.9% incidence of pre-bypass ischaemia.
In our study 5% of patients developed myocardial ischaemia during preparation for induction of anaesthesia whereas the incidence in Slogoff and Keats' study was 18%. Premedication in the latter study was various combinations of diazepam, lorazepam, pentobarbital, promethazine, pethidine, morphine and scopolamine, whereas papaveretum and scopolamine supplemented with intravenous diazepam was used in the majority of our patients and may have resulted in better quality of anxiolysis and hence the prevention of myocardial ischaemia. In both studies antianginal therapy was continued on the day of surgery but the nature of this therapy may have differed.
During the period between induction of anaesthesia and cardiopulmonary bypass the incidence of myocardial ischaemia in our study was 9% compared to 28% in Slogoff and Anaesthesia and Intensive Care. Vol. 18. No. I. February, 1990 Keats' study.] This difference may have resulted from the lower threshold for treatment of potentially adverse haemodynamic changes in our patients. Slogoff and Keats] defined hypertension as a systolic pressure of greater than 180 mmHg, whereas we treated blood pressure in excess of 150 mmHg systolic. Hypotension was defined as a systolic blood pressure less than, or equal to 90 mmHg but we treated blood pressures of less than 100 mmHg systolic. Finally, Slogoff and Keats defined tachycardia as a heart rate of greater than or equal to 100 bpm, but we treated heart rates of greater than 80 bpm. In a second study2 Slogoff and Keats redefined significant tachycardia as a heart rate of equal to, or greater than 90 bpm. In this study new perioperative ischaemia occurred in 55% of patients.
Anaesthetic techniques differed considerably between the two studies. Induction of anaesthesia with diazepam, an opiate and nitrous oxide was more commonly utilised than the thiopentone or diazepam in Slogoff and Keats' study.] In their study halothane and enflurane supplemented by opiates was more commonly used whereas in our study nitrous oxide alone supplemented by opiates was a more frequent technique. Multiple studies of general anaesthetic techniques have not been able to define the ideal technique for patients with coronary artery disease. 8 . Slogoff and Keats showed a positive correlation between the incidence of postoperative myocardial infarction and new episodes of ST depression pre-bypass, myocardial infarction occurring in 6.9% of all patients with the episodes of ischaemia compared with 2.5% without ischaemia. Our study did not support this correlation as postoperative myocardial infarction only occurred in patients who did not have any prebypass myocardial ischaemia.
Anaesthesia and intensive Care. Vol. 18, No. I, February, 1990 We therefore conclude that the incidence of pre-bypass myocardial ischaemia as detected by the intermittent ECG in this study was 13%. These episodes of myocardial ischaemia usually occurred in patients with haemodynamic changes. The different thresholds for management of changes in the myocardial oxygen balance may explain the substantial differences in the reported incidence of myocardial ischaemia between different institutions.
